INTRODUCTION,
The Rare Isotope Accelerator (RIA) is being designed to supply an intense beam of exotic isotopes for nuclear physics research [I] . Superconducting cavities are to be used to accelerate the CW beam of heavy ions to 400 MeV per nucleon, with a beam power of up to 400 kW. Because of the varying velocity of the ion beam along the linac, a number of different types of superconducting structures are needed.
The RIA linac will accelerate heavy ions over the same velocity range as the proton linac for the Spallation Neutron Source (SNS). It was decided to use the 6-cell axisymmetric 805 MHz cavities and cryostats of SNS for the downstream portion of the RIA linac, thereby saving the non-recurring development and engineering costs. For additional cost saving, it was decided to extend the SNS multi-cell axisymmetric cavity design to lower velocity, p = v / c = 0.4, using the same cryostats and RF systems. Axisymmetric cavities will thus constitute about three-quarters of RIA'S total accelerating voltage, and most of that voltage will be provided by cavities already developed for SNS. 
SIX-CELL CAVITY DESIGN
The optimised design for the 6-cell p, = 0.47 cavity for
RIA is presented in [6] . Table 1 gives the primary parameters of the structure, and Figure 1 shows the cross section of the cavity with the electric field lines for the accelerating mode. With a gradient (Ea) of 8 MVIm, the peak surface electric field (E,) is below 27 MV/m, the value chosen for the design of the SNS cavities, and the peak surface magnetic field (B,) is below 60 mT. Note that Ea includes the transit time of a particle with the optimum p, so that Ea = 8 MVIm corresponds to a voltage gain of 4.2 MV per cavity for a particle with the optimum /3 accelerated on crest. The cell-to-cell coupling factor is 1.5%, which is the same as for the SNS cavities. For mechanical stability (and practical etching and rinsing), the inclination of the cell wall is 2 6.5". The Lorentz detuning coefficient, in Figure 2 . As can be seen, the P, = 0.47 cell shape is relatively close to the Pg = 0.61 cell shape. Thus, stiffening and bracing techniques being developed for the SNS cavities should be applicable to the Pg = 0.47 cavity.
As shown in Figure 1 , the present P, = 0.47 design incorporates an enlarged beam tube at one end to accommodate the input coupler, as for the SNS cavities. This enlarged beam pipe may not be necessary for RIA, due to the comparatively low beam power. This could lead to additional savings in the fabrication cost. As discussed above, the RIA cavities must accelerate a beam whose velocity is varying with position. The normalised transit time factor of the 6-cell & = 0.47 cavity is shown in Figure 3 . The cavity will be used from p = 0.4 to P = 0.53 (indicated by dotted lines in Figure 3) . The choice of 6 cells is a reasonable compromise between a long structure to provide higher voltage and a small number of cells for higher velocity acceptance. Note that the maximum energy is imparted to particles with P slightly larger than &, as they acquire a little more energy travelling through the cavity and suffer less deceleration from the evanescent field in the beam tube. This effect becomes more pronounced as the number of cells is reduced.
SINGLE-CELL CAVITY FABRICATION
Two single-cell prototypes of the P, = 0.47 cavity have been fabricated. Sheet Nb of thickness 4 mm and of nominal Residual Resistivity Ratio (RRR) of 250 was used. The half-cells were deep drawn using A1 alloy dies, following the same procedures as used for SNS cavities. The beam tubes were stamped from 3.2 mm thick reactor grade Nb sheet. The half-cells, beam tubes, and flanges were joined by electron beam welding. Nb-Ti flanges were used for better surface hardness, so that an AI-Mg gasket can be used for the vacuum seal.
The completed single-cell cavities were etched with the traditional Buffered Chemical Polishing solution to remove a layer of material from the inner surface. About 60 p m was removed from the surface of the first cavity (additional chemistry was done after the first RF test, see below), and about twice that amount was removed from the second cavity. Following the etch, the cavity was brought into a Class 100 clean room, a high pressure water rinse was done with ultra-pure water, and the cavity was sealed and pumped out. It was necessary to attach the cavity to a rigid frame prior to the pump-out in order to prevent collapse under the pressure differential due to the vacuum inside. Figure 4 shows the first cavity after attachment to the insert for the RF test.
RFTESTS
The first single-cell & = 0.47 cavity was tested twice in a vertical dewar configuration; the second cavity was tested once. In the first test of the first cavity, the Q at 2 K and at low field was about 10"; a gradient of E, = 4 MV/m was reached, with the Q dropping significantly (to about lo9) at this field level. It appeared that there was some sort of barrier at E, = 4 MV/m, although the radiation was not very intense.
After the first RF test, it was suspected that the etch had not removed enough material, so another etch was done on the first cavity to remove an additional -40 pm of material, and the high-pressure rinse and RF test were repeated. The measurement of Q as a function of field level is shown in Figure 5 . The results of the test on the second cavity are also shown. As can be seen, the low-field Q was between 3.10" and 4.10" and the Q remained above 10" up to Ea = 15 MV/m. The power dissipation in the cavity was about 0.6 W at Ea = 8 MV/m. Gradients of 15.5 and 15 MV/m were reached with the first and second cavities, respectively. No high-field quench was observed, so both cavities could presumably have reached higher gradients. The low-field Q at 2 K corresponds to a surface resistance of about 4 nR (note that, for this frequency, the BCS contribution is still significant at 2 K).
The rate of change in resonant frequency f as a function of pressure P was measured during the cool-down from 4.2 
CONCLUSION
The RF tests on the single-cell prototypes have exceeded 
